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ABSTRACT 

We present ultravioliet (UV) observations of supernovae (SNe) obtained with the Ultravio- 
let /Optical Telescope (UVOT) on board the Swift spacecraft. This is the largest sample of UV 
light curves from any single instrument and covers all major SN types and most subtypes. The UV 
light curves of SNe la are fairly homogenous while SNe Ib/c and IIP show more variety in their light 
curve shapes. The UV-optical colors clearly differentiate SNe la and IIP, particularly at early times. 
The color evolution of SNe IIP, however, makes their colors similar to SNe la at about 20 days after 
explosion. SNe Ib/c are shown to have varied UV-optical colors. The use of UV colors to help type 
SNe will be important for high redshift SNe discovered in optical observations. These data can be 
added to ground based optical and near infrared data to create bolometric light curves of individual 
objects and as checks on generic bolometric corrections used in the absence of UV data. This sam- 
ple can also be compared with rest-frame UV observations of high redshift SNe observed at optical 
wavelengths. 

Subject headings: cosmology: distance scale-ISM: dust, extinction- galaxies: distances and redshifts- 
supernovae: general-ultraviolet: general 



1. ULTRAVIOLET SN OBSERVATIONS 

From the earliest photon signal from a SN during the 
shock breakout, the UV light from supernovae contains 
many clues about the explosion and the environment, 
with application to both nearby and high-redshift SNe. 
The contribution of UV light to the bolometric luminos- 
ity can be significant, particularly at the earliest epochs 
when the high temperature yields a large UV flux. Be- 
cause line blanketing in the UV is dominated by iron 
peak elements, t he UV brightness is s ensitive to the ion- 
ization leve l (cf. iDessart et al. 2007) and differen ces in 
metallicitv ([Nugent et alJll997t Eentz et al.ll200Cf l. The 
large UV extinction observed in most extinction curves 
also allows UV observations to better constrain t he red- 
dening to individual objects ([Jefferv et al. IIT99-1 ). 

The first observation of UV light from a SN was 
performed by the Orbiting Astronomical Observatory 

in 1 972, revealing the U V faintness of a type I 

SN (iHolm. Wu fc Caldwelll fl97l . The International 
Ultraviolet Explorer (IUE) built up a larger sam- 
ple with UV spectroscopic observations of 25 SNe 
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(jCappellaro. Turatto. fc Fernley| Il995f). with exce llent 
light curves for SNe ILL 1979C (iPanagia et al.lfp8l and 
1980K, the lb 1983N, la 1992A (iKirshner et al.lfl99l . as 
well as the Il-pec 1987A (|Pun et al.lll995D . The spectacu- 
lar event of SN 1 987A was also obse rved in the UV by the 
Astron Station (|Lvubimkovjll99Li h The Hubble Space 
Telescope (HST) has added excellent UV spec troscopic 
and p hotometric data for another ~30 SNe ( see iPanagial 
120031 for a review of IUE and HST UV observations up 
to that time). The Galaxy Evolution Explorer (Gal- Yam 
et al., in preparation), and the Optical Monitor on the 
XMM-Newton mission (cf. Immler et al. 2005) have 
added a few more observations each. Rest-frame UV ob- 
servations of higher redshift SNe observed in the optical 
from the ground are also now being regularly obtain ed 
(|Astier et al.ll2006l : iFolev et al.l [20071 : lEllis et al.ll2008h . 

The latest UV observatory is Swift UVOT 
(|Roming et al.l I2005D . The Swift observatory's quick 
response capability and short term scheduling, neces- 
sitated by the unpredictable and variable behavior of 
individual gamma ray bursts (GRB), also allows newly 
discovered SNe to be observed quickly an d with well 
sampled light curves ([Gehrels et all l2004[ K Data arc 
available in a matter of hours, and observing times and 
filter combinations can be changed on a day to day 
basis depending on what is seen in recent observations. 
Thus far, Swift has focused on nearby SNe (z < 0.02) 
for which high quality data can be obtained with only 
a small impact on spacecraft operations and Swift's 
primary mission to detect and observe GRBs. SN 
observations are performed under Swift's Target of 
Opportunity (ToO) program 10 . A dedicated website 11 
has been set up that gives the status of Swift SN 
observations, images and regularly updated light curves 
for the benefit of the community. 

10 http://www.swift.psu.edu/too.html 

11 see http://swift.gsfc.nasa.gov/docs/swift/snc/swift_sn.html 
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TABLE 1 

Swift UVOT Filter Characteristics 



Filter 


^central 


FWHM 


Zeropoint 




(A) 


(A) 


(mag) 


uvw2 


1928 


657 


17.35 ±0.03 


uvm2 


2246 


198 


16.82 ±0.03 


uvwl 


2600 


693 


17.49 ± 0.03 


u 


3465 


785 


18.34 ± 0.020 


b 


4392 


975 


19.11 ±0.016 


V 


5468 


769 


17.89 ± 0.013 



In this paper we present some of the overall UV prop- 
erties of SNe seen in our sample. In particular, we con- 
trast the UV light curve shapes and colors of the different 
types, which is best done with a sample observed with the 
same instrumental setup. Understanding the brightness 
(relative to the optical) and temporal behavior should 
assist future observatories to understand the sampling 
and depth necessary to characterize a UV light curve. 

2. OBSERVATION SUMMARY 

Swift UVOT has observed 48 SNe between March 2005 
(|Brown et al.l [2005h and August 2007. UVOT typically 
observes SNe with three UV and three optical broadband 
filters. The central wavele n gths and wid t hs are given in 
Table 1 (jPoole et al.ll2008ft . Brown et al.1 (|2007b[) display 
the transmission of these filters with respect to SNe spec- 
tra. However, like IUE, they are limited to the brightest 
epochs of the the nearest SNe. Here we focus on results 
from the photometry; spectroscopic results will be pre- 
sented elsewhere (Bufano et al. in prep). 

Images were obtained from the Swift archive, and for 
those whose most recent processing occurred prior to 
2007, the raw images and event lists were reprocessed, 
primarily to utilize an improved plate scale for the uvw2 
images and corrections to exposure times in the headers. 
Exposures were aspect corrected then coadded by epoch, 
usually corresponding to unique observation numbers. 
Due to the rapid evolution of SN 2006aj/GRB060218 
during the first day the exposures in the first observation 
number were used individually and subsequent observa- 
tions coadded as usual. We performed aperture photom- 
etry using a 3" source aperture to improve the signal 
to noise and minimize galaxy contami nation compared 
to larger apertures (cf. iLi et al.l l200"6h . A background 
region was chosen by eye to be similar to the galaxy 
background near the SN. Over or undersubtraction of 
the underlying galaxy leads to the magnitudes being un- 
der or overestimated when the SN fades close the the 
galaxy level, so here we focus on the brightest epochs 
and less contaminated events where the galaxy contri- 
bution is less significant. Counts within a 5" aperture 
around the SN were used to compute the coincidence loss 
correction factor (to be consistent with the calibration), 
and an average point spread function (psf) for each filter 
was used to compute the aperture correction factor from 
our 3" ape rture to the 5" fo r which the zeropoints are 
calibrated (jPoole et al.ll2008f ). The light curves of those 
with at least 3 UV detections well above the estimated 
galaxy background (26 out of the 48 SNe observed dur- 
ing this period) are displayed on a continuous timeline in 
Fig. I, with individual light curves displayed in Figs. 2 
and 3. Fig. I illustrates the dynamic range and frequency 



of Swift SN observations. The bright limit, above which 
coincidence losses are hard to correct, is approximately 
12th magnitude in the UV. In practice this saturation 
limit from a bright SN or a SN on a bright galaxy back- 
ground has affected the optical light curves of some of 
these SNe but not the UV light curves. The faint limit 
can be as deep as about 21 mag but observations are typ- 
ically terminated once the galaxy light dominates within 
the aperture. 

3. LIGHT CURVES 

The temporal behavior of the UV light varies with SN 
type. Fig. 2 shows UVOT lightcurves for the individual 
SNe la. SNe la rise to a maximum in the UV peaking 
just before the optical. Similar to the optical, the UV 
brightness decays first steeply and then shallower due 
to radioactive decay of Nickel and Cobalt. The uvm2 
photometry is much fainter than the other bands, so the 
points have larger errors, but the light curves seem to be 
broader (decaying shallower) than the other UV filters. 
In Table 2 we repor t the t ypical decay rate in mags/ 100 
days as infPskovskiii (|1967f ). with j3 representing the early 
decay and 7 the later shallow decay. The UV lightcurves 
of SNe la are fairly uniform, and the uvwl curves match 
well with the HST/IUE spectroph otometry of SN 1992A 
in the comparable F275W band dKirshner et al.1 119931 : 
iBrown et all 120051 : iMilne et al.l |2007j). More details on 
the lightcurves and generation of UV lightcurve tem- 
plates for SNe la will be presented in Milne et al. (in 
preparation) . 

From a sample of light curves one can begin to dis- 
cern what is normal and what is peculiar behavior. Two 
SNe la that stand out are SNe 2005hk and 2005ke. 
SN 2005hk was already fading in the UV when Swift ob- 
servations began, nearly 10 days before the optical max- 
imum. SN 2005ke followed the typical la decay until 
about 15 days after maximum light when the UV bright- 
ness remained nearly constant for ~20 days before fading 
again. In conjunction with a marginal x-ray detection, 
this plateau in the UV light curves has been attributed to 
inter action with the circumstellar material (jlmmler et al.l 
2006), though other causes such as reduced line blanket- 
ing have been suggested (jKasliwal et al.l l2008) . Contam- 
ination could be ruled out for SN 2005ke because the first 
observation showed the SN fainter than the plateau level 
and subsequent observations showed it had faded again. 
For other S Ne contamination is harder to rule out, but 
SNe 2007ax (jKasliwal et al.l2008l ) and 2006mr show hints 
of extended emission above the background. SN 2006E 
also stands out with its relatively flat light curves, but 
that is because the peak and early decay were missed and 
the slow decay merely represents the shallower late time 
decay also seen in other SNe la. 

For SNe Ib/c, the sample of well observed SNe is much 
smaller, with 3 light curves in our sample, but they ap- 
pear to be as diverse in the UV as they are in the optical 
(see Fig. 3). Other SNe Ib/c were also observed but 
for only a sin g le ep och or were not well detected (see 
iHolland et"all (|2007h for additional SNe Ib/c observed 
during Swift's first two years). It is hard to define a 
generic UV behavior, so instead we briefly describe each 
well sampled SN. 

SN 2006aj, a Ic SN, was disco vered following 
Swift BAT trigger on GRB060218 (jCampana et al.1 
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2006). The UV initially rose rapidly reaching a 
bright peak about half a day after the trigger. 
This first peak has been attributed to the shock 
break o ut from a de n se stellar wind (ICampana et al 
20061: iBlustinl l2007t IWaxman. Meszaros. fc Campana 
20071) or self-absorbed synchrotro n radiation 
(|Ghisellini. Ghirlanda. fc Tavecchiol l2007h . This faded 

rapidly in the UV, plateauing briefly from 4 10 days 

after the trigger as the radioactive decay powered a 
supernova light curve, and then faded again. In uvw2 
and uvm2 this SN peaked 4 magnitudes fainter than the 
earlier peak. The optical curves are consistent with a 
SN Ic of intermediate luminosity between normal SNe 
Ic and previous GR B-a ssociated, overlumin ous SNe Ic 
(cf. iPian et al.ll2006l and lModiaz et al.ll2006f) . 

SN 2006,jc was a peculiarly bright and blue SN lb 
([Foley et al.ll2007l ). and the UVOT grism spectr a show an 
indication of Mgll emission ([Immler et al.l 2008). Discov- 
ered near maximum light, the UV and optical light curves 
all fade steeply and then shallower and then steeper 
again. The UVOT light curves will be studied in more 
detail in Modjaz et al. (in preparation). SN 2007Y, 
a peculiar Ib/c with spectral similarities to SN 2005bf 
(|Folatelli et al.ll2007h . behaved more like a la in shape 
and color with the UV brightness rising with the optical, 
peaking a little sooner and fading slightly quicker. 

SNe IIP start off very bright and blue. Brightening 
to a maximum just a few days after explosion, the UV 
magnitudes then fade rather linearly, with the uvm2 fil- 
ter decaying slightly faster than the others. Individual 
light curves of the SNe IIP are displayed in Fig. 3. This 
rapid drop in the UV brightness is driven by the cooling 
photosphere and the resul ting lin e blanketing of heavy 
elements (cf. iBrown et aLll2007al ). iDessart et all (|2007f ) 
compare the UVOT photometry of SNe II 2005cs and 
2006bp with model spectra and demonstrate the useful- 
ness of UV photometry in constraining the extinction 
and the temporal change in temperature and ionization. 
The optical brightness remains constant, resulting in a 
steady reddening with time. While this reddening is com- 
mon to all the SNe IIP observed by UVOT, the decay 
slopes vary by nearly a factor of 2 (as shown in Table 2), 
possibly reflecting the different cooling rates of the SN 
photospheres. 

In order to better contrast the SN types, Fig. 4 shows 
the UVOT light curves of a well observed example of 
each type. For easy comparison, the time and magni- 
tude axis are the same across the plots and the mag- 
nitudes are unshifted to show the relative colors. The 
explosion dates for SNe 2007af and 2007Y assume a rise 
time of 18 day s to the maximum light in the V ban d 
for SNe Ia/b/c (jGarg et al.ll2007t IStritzinger et al.ll2002D . 
while SN 2006bp use s the explosion date determined by 
IDessart et afl <|2007h . The main SN subtypes missing 
from our sample are SNe ILL, Iln, and lib. Fortuitously, 
examples of these classes, along with the peculiar SN II 
1987A were well observed with IUE and HST, making 
these sets complementary. 

4. COLORS 

In addition to physical properties like temperature 
and extinction, UV and UV-optical colors are also 
useful in differentiating SN types. The use of opti- 
cal colors to distinguish SNe of different types has 



TABLE 2 
Decay Slopes 



Filter 


SN la p 


SN la 7 


SN Ibc P 


SN II P 




(mag/100 d) 


(mag/100 d) 


(mag/100 d) 


(mag/100 d) 


uvw2 


9 10 


3 


18 


23 37 


uvm2 


7 9 


3 


11 


23 41 


uvwl 


11 13 


2 


18 


20 32 



Note. SNe used: la p (SNe 2007af, 2005ke), SN la 7 

(SN 2006E), SN Ibc p (SN 2007Y), SN II p (SNe 2005cs, 2006at, 
2006bp) 

been e xplored by multi p le aut h ors (IVanden Berk et al.l 



2001. 



iPoznanski et all 
[2001 



EOOI [Gal- Yam et al l 
[Kuznetsova fc Connolly! 



2001 



20071 : 



Sullivan et al 

Poznanski fc Maozl I2007T ) . These techniques are of 
primary importance for large and deep surveys and 
searches for which the SN candidates are either too 
faint or too numerous for spectroscopic classification 
of all candidates. The upcoming Pan-STARRS could 
discover on the order of 10,000 SNe/year 12 and the 
Large Synoptic Survey Telescope 250,000 SNe/year. 13 
Thus photometric measures of the SNe will be critical 
to classifying SNe, as well as determining photometric 
redshifts. Rest frame UV observations can greatly 
improve the accuracy of such determinations. Fig. 6 
compares the color-color location of two SNe la (SNe 
2007af and 2005ke, well observed examples of a normal 
and sub-luminous la respectively) and two SNe IIP 
(the well observed SNe 2005cs and 2006bp) in the 5 
colors (using neighboring filter combinations) available 
from the UVOT observations. Extinction vectors, 
corresponding to a color excess E(B-V)=0.1 and the 
Milky Way extinction law (|Cardelli. Clayton, fc Mathisl 
I1989H evaluated at the central wavelengths, are plotted 
in each color-color plot, though the effect of extinction 
can vary with different source spectra and choices of 
extinction laws. As the UVOT u, b, and v magnitudes 
are similar to the Johnson UBV, the bottom right p anel 
is comparable to Fig. 3 in IPoznanski et al.l (|2002f ). In 
those colors there is still a lot of overlap between SNe 
la and II. As one adds progressively bluer filters, SNe 
la and II are better separated, showing the advantage 
of rest-frame UV observations. In the upper left panel, 
SNe la are actually bluer than SNe II in the uvw2-uvm2 
color, but this is likely due to the red tail of the uvw2 
filter allowing more optical photons through and making 
the uvm2 look fainter by comparison. As discussed more 
below, the UV and UV-optical colors of SNe II evolve 
dramatically, making their colors more similar to SNe 
la. 

This clear difference between the UV-bright SNe II and 
the UV-faint SNe la was noticed after a few IU E obser- 
vatio ns of SNe la and II (Panagia 1983, see also lPanagial 
120031 ). This "UV deficit" is caused by the very red la 
spect rum between ~ 2500 a nd 4000 A ( cf Kirshnc r" et alJ 
1993), and was exploited bv lRiess et al.1 ([2004) to identify 
SNe la in the Hubble Deep Field. The left panel of Fig. 
6 uses filters on either side and in the middle of that red 
spectral slope to give two colors, uvm2-uvwl and uvwl- 
b, which best show the contrast between SNe la and II. 

12 http:/ /pan-starrs. ifa.hawaii.edu/project/reviews 
/PreCoDR/documcnts / scienceproposals / sne.pdf 
3 http:/ /www. lsst.org/Science/fs_transient.shtml 
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The SNe II are clearly separated into the top left portion 
of the plot, while the SNe la are in the bottom right. 
The uvwl-b color is sufficient by itself to make the dis- 
tinction, with uvwl b<l corresponding to young SNe 

II. The right panel of Fig. 6 adds the colors of our three 
SNe Ib/c, spanning the range of colors seen in SNe la and 
II, complicating their dif ferentiation. The simi larities of 
SN 2006jc with SNe Iln (jPastorello et al.ll2008fl explains 
the blue UV-optical colors. More typical SNe Ib/c have 
lower effective temperatures and the subsequent UV line 
blanketing make their colors more similar to SNe la. The 
contamination of SNe Ib/c from cosmolo gical samples of 
SNe la, as discussed in iRiess et al.l |2004), is reduced be- 
cause the SNe Ib/c are less common and usually much 
fainter than SNe la. 

While red UV-optical colors differentiate well between 
young SNe II and la, they are not conclusive, as SNe II 
become redder with time. In Fig. 7 we display the uvwl- 
b color evolution of these same SNe. To determine the 
explosion date we have assumed a rise time o f 18 days to 
the m aximum light in the V band for SNe la (Garg et al. 
|2007|) an d for the SNe II we use the explosion times deter- 
mined bv lDessart et al.l (|2007ft . At early times, there is a 
3 magnitude difference between the uvwl-B color of SNe 
la and II. However, this large difference does not persist 
as the SN II temperature (and correspondingly the UV 
flux) drops with time creating a redder spectrum whose 
colors become similar to S Ne la (whose red colo rs evolve 
rather slowly) by day 20. iFransson et al.1 (|1987h noticed 
this rapid reddening in SN 1987A and cautioned against 
using the UV alone to distinguish SNe I from II. Even 
a rough determination of the SN epoch, through either 
the light curve behavior or even the cadence of the SN 
search observations can help make the distinction. Red- 
dening is a further degeneracy which can also be broken 
by monitoring the color evolution, as reddening would 
cause a shift in the colors at a given epoch but not mask 
the differing slopes of the color evolution. 

Understanding the UV color differences within and 
across types is especially important for classifying high 
rcdshift SNe. Some UV informatio n is being incor- 
porated into such pho toyping (cf. iRiess et all 12004 
Uohnson fc Crottsl 120061 ) but in the past has been lim- 
ited due to the limited epochs at which UV information 
is available. The addition of this UV photometry should 
help improve the understanding of the diversity and tem- 
poral change of the UV flux to allow SNe to be better 
identified at larger redshifts. Other high redshift appli- 
cations are discussed below. 

5. HIGH REDSHIFT APPLICATION 

In addition to SN observations by UV satellites, deep 
optical observations will observe the rest-frame UV light 
from higher redshift SNe. Fig. 8 displays the rest frame 
UV light sampled by the UVOT UV filters as it corre- 
sponds to observed wavelengths as a function of redshift, 
highlighting regions where the UV filters correspond well 
with commonly used optical and infrared filters. To high- 
light the regions where the overlap between the filters is 
greatest, the bands are centered on the central wave- 
length and extend one quarter of the full widt h half max 
of th e filter transmiss i on in both directions (|Poole etlrtl 
120081: iFukugita et all 119961: iHewett et all I2006D . This 
graphically depicts useful regions of overlap. For ex- 



ample, the photons corresponding with the rest-frame 
uvwl begins to be redshi fted into the opt ical u' band 
(e.g. SDSS-II SN survey; iSako et alJ 12001 and LSST) 
for obj ects at a redshift of z ~ 0.4 and the g' band (e.g. 
SNLS: lAstier et al.ll2006l ) at z ~ 0.8, where the u'-g' col- 
ors also correspond well with our uvw2 uvwl colors. 

While chasing the optical light to high redshifts will re- 
quire observing into the infrared, the use of rest frame 
UV light can be done with optical and near-IR obser- 
vations possible with current and planned large ground 
b ased telescopes. 

lAldering et a l. (2006) discuss many uses for rest-frame 
UV observations of these high redshift SNe in the con- 
text of SNAP, and this local sample should allow a com- 
parison looking for evolutionary effects. Since SNAP is 
planned to have logarithmically spaced filters beginning 
at 4000 A, they will cover the restframe UV observed 
by the UVOT filters for redshifts beyond z~ 0.8. More 
generally, any deep SN search optimized for finding and 
following high rcdshift SNe in the optical will likely also 
detect the rest-frame UV light of SNe (preferentially SNe 
II due to their brighter UV luminosities) at the high end 
of their target redshift and beyond. Measuring SN rates 
at higher redshifts is only one of many uses of these high 
redshift detections. Making full use of this data will re- 
quire a better understanding of the UV light best ob- 
tained for nearby SNe for which multi-wavelength pho- 
tometry and spectroscopy over a larger portion of the 
light curve is possible. Rest-frame UV observations of 
a local sample of SNe have the further advantage of be- 
ing a comparison sample with which to understand the 
hig h redshift SNe, look for evolutiona ry differences (see 
e.g. iFolev et al.lf2007t lEllis et al.ll2008| ). and further con- 
strain photometric redshifts, extinction, and luminosity 
distances. 

6. FUTURE WORK 

We have presented here the largest collection of UV 
light curves obtained by any single instrument, which 
have allowed the study of individual objects as well as 
comparisons within and across SN types. In addition to 
these apparent magnitudes, we are also working to cali- 
brate the absolute magnitudes to many of these objects 
(Brown et al. in preparation) . The absolute magnitudes 
can be used to study the utility of rest frame UV obser- 
vations for cosmological measurements and for determin- 
ing high redshift SN rates. We are also combining this 
data with optical and near-infrared observations to con- 
struct bolometric lightcurves that encompass more of the 
spectrum for individual objects and refining bolometric 
corrections used in con structing bolometric curves from 
optic al data alone (cf. IContardo. Leibundgut. fc Vaccal 
l2000h . The light curve shapes and colors of our large 
sample should also help in the classification of SNe, par- 
ticularly at higher redshifts when spectra are unobtain- 
able and fewer rest-frame optical bands are observable. 
Future UV observatories, including a refurbish ed HST, 
TAU VEX (iSafonova. Siyaram. fc Murthvl 12001 . WSO- 
UV (jPagano et al.l 120081 ) and others, as well as optical 
observatories observing the high redshift universe, can 
also benefit from these light curves to better understand 
and plan effective UV SN observations. 

This work made use of public data from the Swift data 
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Fig. 2. — UVOT light curves of 18 SNe la. The curves have been offset by v-2, b-1, and uvm2+l for clarity. For comparison purposes 
the axis are on the same scale, showing the 40 days around maximum light (with the exception of SN2006E which was only observed well 
after maximum). 
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Fig. 3.— UVOT light curves of 3 SNe Ib/c and 5 SNe II. 




Fig. 4.— UVOT light curves of SN 2007af (la), SN 2007Y (Ib/c), and SN 2006bp (IIP). The observed magnitudes have not been shifted 
and the horizontal and vertical axis are scaled the same to allow relative colors and slopes to be compared by eye. 
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Fig. 5. — Color-color plots showing the differentiation of young SNe II from SNe la. The ability to differentiate the two increases at 
shorter wavelengths due to the contrasti ng spectral shapes. The arrows are extinction vectors corresponding to E(B-V)=0.1 computed 
using the MW extinction relations of Cardclli, Clavton, & Mathis (1989) evaluated at the central wavelength of the UVOT filters. Note 
that MW extinction actually causes bluer uvw2-uvm2 colors due to the uvm2 filter coinciding with the 2200 Abump in the MW extinction 
curve rather than the typical "reddening" effect of extinction. 



10 



-0.5 r 


0.5- 



1 1 



2.5- 
3; 




1.5 




0-0 SN 2005cs - 


-II 




■^7 SN 2005ke 


--la 






h-s SN 2006bp 


-np 


2 




^SN 2007af- 


-la 




1 

wl-b 




1.5 




»«;SN2005cs- 


-II 




v v SN2005ke 


- la 






s; aSN2006bp 


-HP 


2 




SN2007af- 


-la 






*-* SN 2006aj - 


-Ic 


2.5 




H — h SN 2006jc - 


-lb 




>^< SN 2007Y - 


-Ibc 




wl-b 



Fig. 6. — Left panel: uvm2-uvwl v. uvwl-b color color plots showing the clear differentiation of young SNe II from SNe la. The SNe la 
are in red, and the SNe IIP in blue. The right panel shows the location of our 3 SNe Ib/c (marked in green) in the same color-color space. 
The arrows correspond to the uvwl-b color change of MW extinction corresponding to E(B-V)=0.1. 
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Fig. 7. — UV-optical color evolution of two SNe la and two SNe IIP. The symbols are the same as used in the above color-color plots. 
The dramatic color difference at early times vanishes by about 20 days after the explosion. 
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Fig. 8. — Rest frame UV light sampled by the UVOT UV filters as it co rresponds to observe d wavelengths as a functi on of redshift. 
The o bserved wavelength ranges for commonly used filter sets (optical-SDSS (Fukugita ct al. f996) and infrared-UKIRT set (Hcwctt ct al. 
120061) ) are also highlighted. 



